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INTRODUCTION 


Mature frul te of some species of the *olygonacese 
have dormant embryos which must undergo a period of af ter- 
ripening before germination can take plece. The studies 
reported in this paper have to éo with dormancy, af ter- 
ripening, germinetion and especially with the relation be- 
tween the so-called enzyme eetalace and the intensity of 
respiration during these periods and also with their eig- 
nificance in Indies ting changes in the netabolism of the 
fruits of the *olygonacese studied. 


MATERIALS AUD MSTHODS 


Pruite of Solygonum scandens, 2. pemneylvenicam, 2. 
avioulere, 2. sors, 2. virginienum, 2. lapathifolium, snd 


Rumex eriepus were collected in tober. 1931 at Manhatten, 
Kene, The frul te were dried, cleaned and with the ald of a 
seed blower the lighter weight and immature fruits were 
elimineted. The remaining fruits were then tested by cute 
ting thru two bundred to meke sure thet they contained 
embryos. Fruits were stored dry at laboratory temperatures 


and in © refrigerator at 3° 8, Pruite were ales plented in 
soil in pots, one helf of which were pleced in the green- 
house and the other helf out of doors, Tru te were taken 
from tine to tine from ary storege and pleced on moist 
eotton in petri dishes. These were placed at different 
temperatures ranging from 3° to 30° 0. and after varying 
periods of treatment were tested for germination, respira~ 
tion, and catalase. 

Frait coats were removed by treatment for five minutes 
in concentrated Bz The fruits were then washed ther- 
oughly and the overy wall rubbed off. Due to the structure 
of the seed it wae impossible to remove the seed cont with- 
out injury to the embryo. 

The apparatus and metheds used in determining os talsee 
were the same ee described and illustreted by Applemen (2), 
bavie (17), and cthers, Care wee taken to meintain a en- 
etent rate of sheking for all teste and temperature condi- 
tions in the leboretory were practically econstent. In each 
ease £5 fruits were ground in the mortar and neutre 11 0d 
with dad., The pulver ed grindings were then washed into 
the shaking bottle with 10 ce. of distilled water. Five 
ec. of neutralized Dioxygen was added to the seperstory 


funnel and after the opere tus was completely adjusted, 
introduced into the shaking bottle. headings were taken 

at 6 and 10 minute intervals. ‘the figures in the tables are 
aversges of the 10 minute readings. 

Meacurements of the gaecous exchange in respiretion 
were made with à respirometer such as that devised by Har- 
rington and drocker (27). In each test 50 seeds were placed 
in the apperatas and the test run for 46 hours, care being 
taken to keep the temperature constant. Sodium hydroxide 
vas used in the absorption of the Co end the volume of the 
oxygen sbsorbed and the 00% given off was calculated sccoré- 
ing to the formula used by Sherman (42), Herrington end 
rocker (27), and others. 

Germination tests were made at room temperature on 
moist cotton in petri dishes. 


STEUCTURE 


as the enveloping membranes have © direst relation to 
the rate of after-ripening and germination, a brief deserip- 
tion of the morphology of the fruite will be given. 

Jecording to Woodcock (44) the seed of the Polygonums 
at maturity ies enclosed in a thiek hard cont, consisting of 
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the cutinized enidermel layer and the compressed inner leyers 
of the over. The integumente have become closely compressed 
and their crashed ren ine form a thin leyer surrounding the 
embryo and endosperm. Juet ineide the integuments is 6 thin 
aleurone layer. The embryo occupies 9 cavity jast beneath 
the aleurone layer in an angle of the seed and free from the 
meally endosrerm. The two inner layers eannet be removed 
without se arating the embryo from the endosperm as there 

is no other physical bond keeping them together, The embryo 
cannot develop without nutrition so experimente have neces- 
sarily been limited to those seeds surrounded by the fruit 
cont end those with the fruit coat removed, leaving the seed 
coet intact. 


SYRBR\PILERING AND CSEMIBATICN 


Dormaney in seeds hae been studied extensively and may 
be due to any one or a combination of the follewing ceuses;: 

1. Membranes euch ss hard seed and fruit coste my re- 
terd or prevent the Intake of water and oxygm or may by 
mechenicel strength revent the swelling and expanzion of 
the embryo and so delay germinetion for a season or for 
weny yesrs (7, 6, 9, 25, 30). 


2. masters enbryce are ano ther cause of dormency. ‘the 
seed, when it is shed, contains en embryo which hes not 
resched meturity and severe 1 — under germinating condi- 
tione may elapse before it becomes safficiently developed 
to grow (9). 

3. Dormant embryos are to all appearances mature but 
must undergo a chenge or period of after-ripening before 
they will germinate (5, 13, 16, 19). 

In the seeds of the *olygonscese reported in thie peper, 
the embryo is dormant et maturity. ez erispus is an ex- 
ception in thet a large per cent of the fruite germine ted 
immedietely at room temperature. However, the remsining 
fruite recuired veried periode of treatment before germina- 
‘tion took place. The fruit cost and probably the seed cost 
and aleurone layer ere instruments] in retarding af ter- 
ripening end preventing germination. The removal of the 
frait costes greatly shortened the period fer after-ripening, 
those with the fruit coats intact requiring three tines as 
long ae those with the fruit cost removed. Aleo the rate 
of reepiretion in the seeds with the fruit costs removed was 
sonelderebly higher than those with the fruit costs intact, 
indicating © greater availability of the oxygen supply. 


Fully after-ripened enbryos aia not ell germinate even when 
pleced under favorable conditions for growth and if left at 
high temperatures reverted into dormancy. The failure of 
these embryos to grow was probably due to the restricting 
menbranes surrounding then as germination took place in most 
eases when the frait coats were removed. 

Davis (19) hes shown thet In fruite of the ragweed the 
seed coat and nuceller membrane are more effective than the 
fruit cost In reterding the exchenge of gasses and it is 
likely thet the ombryos of the *olygonacese would react 
more rapidly if they could be freed from 411 enveloping nen- 
branes. 

Pruite In water after £4 houre at room ten ers ture 
ebsorbed 30 per cent of their air ary weight and after 46 
hours absorbed only a two per cent increase over the 24- 
hour period. Thie ie a rather low intake of water and may, 
to some extent, effect the period of aefter-ripening. 

Considerable experimentation has been conducted on 
different methede of overcoming dormency in seeds. in the 
ease of herd seed or fruit cost restrictions, scerification, 
treatment with chemicals, alternate freezing and thawing, 
and the epplieetion of high sir pressures ere some of the 
methode commonly used (14, 24, 29, 39). Dorment embryos 
have been found to after-riven most favorably when pleced 


at from 5° to 6° 8. ine on tara ted condition (5, 11, 16, 53). 

Other seeds such as Bermuda grace and tobacco are light 

sensitive (21, 34). In some cases a period of ary storage 

at ordinery tem era taree ie sufficient to owercome dormancy. 
The fellowing methods were ased to overcome dormancy 

in tho seeds studied. 


Dry Storage 


Room tom ere ture wee found just se setiefactory for 
gtoerage ec 3° 6, Thie hes also been found true of meny 
other sede (1, 11). There was no complete after-ripening 
in dry storege et either lsboratory tempert ture or at 5° 0. 
during the period of the experiment, but ae the time of 
storage wee prolonged there wes a noticeable increase in 
the maximum temoersture et which efter-ripening would take 
places. The periode of after-ripening on molest cotton at 
3° to 6° Gc. also decreased in length as the time of storage 
ineressed, S8xtended dry storage hee alec been found to be 
helpful in the after-ripening of dorment seeds of the 


Posacere (5, 15, 28). 
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in 8011 


There was no germination in pots pleeed in the green- 
house, indicating thst no after-ripening hed taken place 
under those conditions. Fruaite in pote ont of doors showed 
a mall percentage of germination and 211 grew simaltene- 
ously about the lest of April, there being no subsequent 
germinstion. ‘Since the fruits were covered with 2 thin 
layer of 8011 the ozygen supply was probably much less than 
that evailable to frul te on moist cotton in petri dishes 
which may account for the lower percentage of germinestion. 
If the fruite do not germinate by e certain time in the 
or ing, they apparently lose their opportunity for thet 
season end lie dormant until a leter favorable season. ‘This 
may be due te the lack of oxygen as the higher temoeratures 
 o@eurring in summer make the oxygen demend greater for res- 
pirs tion and ite reetriction by enveloping membranes would 
tend either to prevent germination or te throw the embryo 
into a secondary dormancy. It ie true thet om newly plowed 
ground many weed sede are brought to the sarface and grow 
as oxygen becomes more evalleble. 

The difference in time of germination of many seeds may 
be due to veristion in the permeability of the membranes es 


some sede of the same species remein inactive much longer 
than others. In the »olygonaceae the period of efter- 
ripening varied for the different epecies ee is shown in 
gables 1 end 3. It eleo varied for different fruits of the 
seme species, thie character being moet marked in 222 
erisous, Jolygonum ponneylventeun, Ze Svyloulere, and =. 
lapathifoliom. In Rumex 2112222 some sede germins ted at 
maturity, othere required different lengths of treatment at 
low temperatures, and some never germinated during the time 
of the experiment. Pe erispus ie generally reported as 
light sensitive (21). gen seandens, 2. virginienum, 
and 2. acre efter-ripened more evenly, gormination oceurring 
simultaneously in all the seede not restricted by the outer 
goats. 

Bevie {unpublished} hee found in experiments with 
Velvet Leaf, Aalen theophreeti, that 100 seeds submerged 
in water showed a wide veristion in permeability. A few 
seeds have germinated each year until only 4 remain after 
£2 yeers. ‘thers bave found thie verietion in permeability 
of the seed costs in vetch, Holecie, end meny wild species 
tes, 30, 43). 


Sa ture tod at 8 to 6° 0. 


Temperatures of 3° to 6° 0. were found to be the opti- 
mum for after-ripening in ell the species. genus 
seandens reacted more favorably to the lower extreme end 
Z. penneylvanicum reacted better at 6° ., Polygonum scandena 
transferred from ary sterage to moist cotton at 3° d. on 
May 1, germinated 85 per cent in 31 daye and when the fruit 
costs were removed, gormi na ted 95 per cent in 7 days. These 
seeds would not germinate without treatment at low tempera- 
tures, A period of dry storage decreased the length of the 
period required for after-ripening. The date in Tables 1, 
2, and 3 sre everages for the year. 


saturated at 9° to 12° ¢. 


After a period of from 4 to 6 monthe in dry storage 
sone after-ripening took place efter 96 days at 9° and 12°C., 
14 per cent of the fruite gornin ting. 


Saturetea at 16°, 20°, 30°, and 20° to 30 6. Alternating 


Ho efter-ripening took place at these temporatures. 
Praite partly af ter-ripened end placed at 30° d. for 1 to 2 
monthe and then returned to low temperatures required e much 


longer period te after-ripen than fruite teken a 
from dry storage, Indicating thet the pericd et high tenpera- 
ture not only overcame the effects of the time et low 
temperatures, bat aleo rendered ‘the @abryo more dorment. 
thie may be due to the increased ‘Fespire tory demands at 
high temperatures. at the highor tempera turee the readily 
oxidized food materiale may be used in respiration es fast 
as they ere formed, while at the lower temperntures neces- 
sary for after-ripening, the reduced respiratory activity 
ellows them to secumalate in sufficient quantities to 
initiste growth (12, 15, 16, 26). 


Trea tment with Fruit Coats hemoved 


Seeds of Polygonum scendens with the fruit coet re- 
moved reacted in much the same manner as those with fruit 


cost intact but response wae alwaye more rapid. At high 
temperatures swelling eeecurred in the cotyledons and hypo- 
eotyl, breaking open the seed coat but mot gormineting 
normally thru the micropyle. Thie was evidently due to 
imbibition se there was no development of the radicle. 

The following tables show the percentage of germination 
and the length of time required for after-ripening under 
these different conditions in the species studied. 


Table 1.-«The pereentoges of germination and pericds of 


after-ripening requir fraite of Polygonum 
soandens. 


Stor, Jod.: Temperature rteete: per test -:days sper ent 
!:! p GO . ˙;ß——— . 8 
a tura ted 38. 10 100 75 6.4 
n tura ted 6° 6. 10 100 92 58. 4 
da tura ted 9° to 18 6. 6 100 98 14.0 
In soil Open field 1 50 181 12.0 
In 8011 Greenhouse 1 50 181 0 
Seteratea 16 20 30 a 10 100 161 0 
50% to 36° Se 
elterneting 
bry seed tab. cond. £ 100 276 0 
Dry seed 3° 6. 2 100 181 0 
Table 2. The percentages of tion snd periods of 
efter-ripening required in seeds frult coste 
regoved) of Hen seandene. 


2 2 * 2 * 2 5 2 
Stor. Med, : Temperature : tests: per test :daye :per ont 


Saturated 3° to 6° C. 10 100 21 90 
Saturated 12° 6. 2 100 26 38 
88 tura ted 16°, 20°, 30 , 6 100 60 0 
bry seed Lab. cond. 2 100 20 0 


fable 3.--The percentages of tion and the periode of 
efter-ripening red for fruits of different 


species of the Polygonscese. 


3 8 2 * 2 3 
: 1 Boe : fruite : Hoe sper cent 
Stor 8 
ume or lerne Dry in leb. ae 100 40 65 
Sat. at S° , =k 100 oe 868 
Outdoors in 1 50 161 0 
8011 
Polygonum Sat. at 80 6. 9 100 172 52 
pennsylvanicum 
Seb, 2 6° to 5 100 150 54 
9 * 


Sat. et 12° . 8 100 150 9 
50 


‘Outdoors in 1 161 10 
soil 
b. sviculare Sate at S° 0. 100 150 100 
“atdoore in 50 161 8 
8011 
b. yvirginianam Set. et 3 d. 9 100 91 68 
Outdoors in 1 50 161 2 
soil 
P. sere Sat. at 8° 0. 8 100 32 75 
8011 
Jutdoors in 1 50 161 10 
2, lepethifolium Set. st 8 C. 5 100 33 68 
Outdoors in 1 50 181 4 


8011 
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Sinee been (Sf) first extracted catalese from the leaf 
of the tobsceo plant, much study has been done to find its 
exact relation and function in the plant and animal kingdome 
where it hae been found to occur slmost universelly. It hes 
been called an enzyme but aiffers from a true enzyme in that 
Lt fe used up in tho reaction, - 

Applemen (3, 4), Crocker and Esrringtom (10), Burge 
te), Davis (19), and others have satisfactorily chown tha t 
en talase is direetly correlated with respiration in great 
many cases. Ranjan and Mallik (37) believe that they are 
not elweye correlated end thet ea talase 1e directly related 
to the monosacechsride content, especially to hexose forna- 
tion. bine (38) and Lantz (31) found that eatelase and 
reeoiretion de not follow the seme curve. Morgulas (33) 
has shown that there is ne correlation between reepiration 
end oateleee in froge. Hervey (26) showed that a blue green 
alga growing in a hot eoring conteined no eatclace and 
fywaseh and kywasch (40) showed that certain znaerobie 
bacterie do not contain estelesa both pointing ont thet 
on ta late must not be essential to respiration in aneerobic 
forme but associated with aerobic reseiration. Sheffer {41) 
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suggests that catalase acte as a brake against excessive 
oxidation. Ce ts lase has deen chern ‘to be an indicator of 
viability and releted to growth (17. 20, 38. 36). 

2elygonum sesndens wee selected for de tal led study as 
fruits of the other speeles were emell and were found to 
behave siuilerly. In Polygonum seendens there was a gradual 
rise In es talase es after-ripening progressed, incressing 
very rapidly when germination began. Fruits at 50° Cc. de- 
eame more dormant end showed an tnitial inerease und then 
a merked decrease in os ts lase. ruf te at 12°, 16°, and 
£0° C. seomed to be et a standstill since the ostelase re- 
mained more or less constant for long periods after the 
initiel ineresse. At 3°, 6°, and 9° 6, the os talese gradu- 
ally increaged until sfter-ripening was completed. (Figures 
land &.) ‘The es ta lasse was greatest at 3° and 6° and lowest 
et 30° 0, At intervening temperatures the es ts lase varied 
only slightly from 6 point about helf way between the two 
extremes. {Table 4.) Dry frulte showed = deeresee in 
es talase ae the season advanced, even tho they apparently 
were partially efter-ripened. (Table 4.) ‘This mey be due 
to a drying out of the fruite as there seeme to be a re- 
lation exileting between catalase and the moleture content 
of the fruits. Those kept moist at 20° d. thrucut the 
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etorage perict showed no lose of catalece. when the frait 
costes were removed the ini tiel entoless Gropped in the dry 
seeds but incressed repidly when they were gsoeked, being 
mach higher and in general rose ting more quickly then in 
those with the frul t coats intact. (Figure 2.) 


Color 


In prepering fraite of 2elygonum scandens for est, 18 
determinstions, it wee found that the fruit costes conteined 
® selmon~colered pigment which appeared to disintegrate 
after a period of es turatlon st high temperatures. Sosked 
seede showed a more intense salmon color when ground than 
aia dry seeds, The following de ta show thet the disintegra- 
tion of the pigment une faster as the temperature increased. 
Dry seed showed no disintegration. Saturated fruits at 
a@ifferent temeeratures showed the following color reactions: 

Prom 3° to 6° 2 The pigment was a bright selmon for 
30 days, then faded slightly and af ter 167 deys it beceme 
a pale salmon. 


Pwelye degrees C. A bright salmon for 15 days, pale 
for 15 days, snd efter 30 days, colorless. 
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From 18° to 26° g. a bright salmon for 6 days, ple 
for 20 days, and after 26 dae, colorless. 

Thirty degrece : A bright salmon for 4 days, pale 
for 6 days, and after 15 aeys, olor less. 


Table 4.<--Catalase activity of i 2 mone 
in s setureted eonditl on 2 ere 3 
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Pigs 1. Catalase activity in fruite of 2 sce 
9 after vorying periode of 62 — 2 63 tür ef 
condition at different tempers tures. 


0 4 8 16 20 £63 
Fig. 2. Cate lese activity in seede of ge gear sons 
efter verying pericde of ceca tatet in 7 satureted 
condition et different temperatures. 


Horizontal number of days treated. 
Verticsl ee. of Of liberated in 10 minutes. 
30 to 90 Ge „eee 12° to 209 C. £5° to 300. 


RESPIRATION 


In jolygonum gecndens the rate of res ir- tien varied 
directly with the temperature as has been generally reported. 
(Table 5.) At a constent temperature respiration followed 
a curve similer to oo tele showing @ grad un incresse at 
temperatares favorable for after-ripening and inereasing 
rapidly after germinstion began, but at high temeeratares 
where the dormancy became more pronounced, the rate of 
respiretion decreased. {Figures 3 and 4.) The seede with 
the fruit cost removed showed a greater respiratory ectivity 
then those with frait eat Intset. ‘These fects indicate 
thet a definite correlation existe between oe te lee and res- 
piretion. Both activities showed a perellel relation to 
efter-ripening, germinetion, end viability in dormant seeds 
of the “olygoneaceze, 

-The higher the temperature the greater the respiration 
and the greater the demande on the reserve of the seed, but 
af ter remaining et 30 d. for some time, these fruits seemed 
to edjust themselves and the ep tien was cut donn, 
accompanied by a decrease in oatalase. This reduction in 
reepiratery activity possibly enables the seed (tho in a 
stage of deeper durmancy) to retain ite viability longer in 
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na ture, since the food supply would be lees rapidly ex- 
heusted by the demands of respiration. This adaptation 
hee aleo been found in the eo. apple end other seeds 
(16, 19, 26). 

fable 4 activity of e = 


in a sa tur ted condition 8 
tures. 


30° 0. ae: % 1.09 1,00 9 
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ee 
5 9 12 126 
Fig. 3. The compared rete ef respiration in fruits and 


seeds of Polygonum scandens after varying periods 
of treatment 4 0 


120 


84 „ 


72 oS / 


36 
18 33 38 43 
Fig. 4. The compared rate of reepiration in fruits and 


seeds of e 0 seendens af ter varying periods 
of treatment a 


. 
Oi TPR, Oe ee Tee «oe ee 


22 


SUMEARY 

1. the embryce of fruits of the >olygonacese studied 
are dorment when nature. a | 

2. The optimum temperature for efter-ripening is 3° to 
6° C. Fru te treated in e saturated condition at these 
temperatures for eeverel monthe grew 60 to 100 per cent 
when removed to the higher temperatcree sui table for ger- 
mination. There was a graduel increese in es talase and 
reepiration thracut the period of eftersripening sbruptly 
incressing se germination sterted. 

3. Fruite 414 net efter-ripen in dry storage either at 
laboretory temperatures or at 3% C. after a period of 276 
days, but the ary storege considerably shortened the tine 
required for after-ripening in a saturated condition st low 
temperatures. 

4. Fruite in pots out of doore grew from ? to 18 per 
cont after 161 dae. There vas no germinction of fruits 
in the soil in the greenhouse after 161 days, indicating 
thet no eafter-ripening took place. 

5. Fruits placed at 30% 0. showed a rapid increase in 
cetelase and respiration during the flret week, Thie wae 
followed by a decided decrease in catalase and respiration 
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which became more cr less acustent’et the end of one or two 
months, When removed from high temperatures to 30 C., they 
were found to reyuire 120 days for after-ripening, showing 
thet the dormency hed become more pronounced at high tem- 
pers tures. 

6. After « period of from 4 te 6 months In dry storage, 
come after-ripening took place efter 98 days at 9° and 12°%C., 
14 per cent of the fraite rermine ting. 

7. The period required fer efter~-ripening in fruite of 
2olygonum scandens (feles climbing buckwheat) became shorter 
as the dry storage pericd wee lengthened. Fruits required 
31 to 75 days for after-ripening et 3° to 6° ,, dut ef ter 
the fruit costs were reno ved, efter-ripening was completed 
in 7 to 21 days. Catelase and respiration increased with 
the rate of efter-ripening in seeds with the fruit cost 
removed. 

& The seed and fruit coxte are restricting membranes 
in relstion to the intake of oxygen end water. 

9. Dormency was unevenly distribated, some seeds re- 
quiring e longer time to aftereripen then others of the 
same scecies. 

10. Fruit conte of solygonom scandens cont ined e 
Siimon-colored pigment which dicintegrated completely when 


the seeds were molet at high temperatures. 

11. Dry seed showed = deerecse in os talase after sor- 
erel months of storage which may likely be due to a de- 
Greased moisture content of the sede. 

12, Cataleee setivity wae greatest at tem ore tures of 
3° to 9° c. and Lowest at 30° c, while the rete of reepira- 
tion wae lowest st 3° to 9° g. and highest at 50° d., but 
at e given temoerntere catalase end respiration were cor- 
roles ted, following e simlisr curve in direet rel tion to 
after-rivcening end germination. 
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